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Description 

MILEAGE INFORMATION DISPLAY 
SYSTEM 

Cross Reference to Related Applications 

[0001] jhis application claims the benefit under 35 U.S.C. 

§119(e) of U.S. Provisional Application 60/409,619 filed 
September 10, 2002, titled OUTPUTTING ELECTRONIC 
ODOMETER INFORMATION USING ON-OFF FLASH CODES, 
which application is hereby incorporated by reference in 
its entirety. 
Background of Invention 

[0002] The invention relates in general to an electronic odometer 
for a trailer. More specifically, the invention provides a 
device and method for communicating odometer data to a 
vehicle user by controlling an output device with an ON- 
OFF code signal. 

[0003] Cumulative mileage information for a trailer may be used 
to track the need for scheduled maintenance on the 
trailer. On a tractor, it is relatively common for the vehicle 



to have a numerical odometer which displays cumulative 
mileage to the user. On trailers, however, such numerical 
odometers are not often available. 
[0004] An odometer function is presently incorporated into the 
electronic control units (ECU) of many antilock braking 
systems (ABS) intended for use on heavy duty tractors and 
trailers. The trailer-mounted ABS ECU can be used to pro- 
vide odometer mileage information. To display the cumu- 
lative mileage from the trailer ABS ECU, however, the user 
must connect the trailer ABS ECU to an off diagnostic tool 
having a multi-character alpha-numeric display. With 
such conventional systems, the cumulative mileage for a 
trailer cannot be displayed without an off-board diagnos- 
tic tool. 
Summary of Invention 

[0005] The present invention utilizes an integral output device to 
communicate vehicle odometer mileage information the 
user without use of an off-board diagnostic tool. The 
odometer mileage information is encoded into an ON-OFF 
code signal that is supplied to the output device. The out- 
put device is activated and deactivated in response to the 
ON-OFF flash code. As a result, mileage information is 
communicated to the user via a series of encoded visible 



or audible pulses, thereby eliminating the necessity for a 
conventional off diagnostic tool with a multi-character al- 
pha-numeric display. 

[0006] In a preferred embodiment, an odometer communication 
system is provided that includes a user interface device 
that generates a request signal, a processing unit that cal- 
culates the cumulative mileage of the vehicle and encodes 
the cumulative mileage into an ON-OFF code in response 
to the request signal, and an output device that outputs 
the cumulative mileage in the form of a ON-OFF audible 
or visual output signal in response to the ON-OFF code. 

[0007] In order to reduce the complexity of the ON-OFF output 
signal, the processing unit preferably truncates the cumu- 
lative mileage prior to generating the ON-OFF code. Ac- 
cordingly, the number of numerals required to be recog- 
nized by the user is significantly reduced. 

[0008] The output device can be any device that produces the 

desired output signal, including a visible output device or 
an audible output device. In a preferred embodiment, a 
trailer ABS warning light is used as a visible output device. 
In another preferred embodiment, an ABS modulator valve 
is used as an audible output device. In either case, the 
numeral zero is preferably represented by a strobe signal. 



[0009] Other advantages and features of the invention will be- 
come apparent from the following detailed description of 
the preferred embodiments and the accompanying draw- 
ings. 

Brief Description of Drawings 

[0010] The invention will now be described with reference to cer- 
tain preferred embodiments thereof and the accompany- 
ing drawings, wherein: 

[0011] Fig. 1 is a block diagram of a trailer odometer display sys- 
tem in accordance with the present invention; and 

[0012] Fig. 2 is a flow chart showing the operation of an ECU cal- 
culating trailer odometer information in accordance with 
the present invention. 
Detailed Description 

[0013] The odometer communication system for a vehicle of the 
present invention is described in relation to an exemplary 
trailer odometer display system 10 for a trailer vehicle in a 
tractor-trailer vehicle combination. The invention is not 
limited to a trailer vehicle of a tractor-trailer vehicle com- 
bination, but is described in relation thereto as a matter of 
convenience. 

[0014] Fig. 1 is a block diagram of the trailer odometer display 



system 10 in accordance with the present invention. The 
trailer odometer display system 10 includes a wheel revo- 
lution rate sensor 12, an ECU 14, an output device 16, and 
a user interface 18. 

[0015] The wheel revolution rate sensor 12 is preferably a wheel- 
mounted signal generating device which is a component 
of a conventional trailer ABS. However, any other suitable 
wheel revolution rate sensor 12 may be utilized, such as a 
drive shaft revolution sensor or awheel axle revolution 
sensor. The wheel revolution rate sensor 12 is in circuit 
communication with ECU 14. 

[0016] Preferably, the trailer ABS ECU is utilized as ECU 14, al- 
though an ECU separate from the trailer ABS ECU may 
readily be employed. The ECU 14 of the present invention 
that is in circuit communication with the wheel revolution 
rate sensor 12 and the output device 16 need not be a 
conventional multi-functional electronic control unit, but 
may include only that circuitry necessary to process the 
signal from the sensor 12 and to control the output device 
16 in response thereto. 

[0017] The output device 16 can be a visible output device or an 
audible output device. In a preferred embodiment, a con- 
ventional trailer ABS warning lamp functions as the output 



device 16. Alternatively, the output device 16 may be a 
lamp mounted at another location on the trailer or in the 
tractor cab. The output device 16 also may be an audible 
output device such as a horn, bell, or buzzer. In another 
embodiment, a conventional ABS modulator exhaust valve 
is utilized as an audible output device. In this latter case, 
the ECU 14 activates the ABS modulator exhaust valve to 
produce a pulsed noise referred to as "chuffing." Other 
output devices, such as displays, printers, etc., also may 
be used as desired for a particular application without de- 
parting from the spirit or scope of the invention. 

[0018] The user interface 18 is preferably a brake pedal in the 
cab of the tractor which is connected to a brake light 
power switch, although other types of user interfaces may 
be readily employed. For example, a user-operated switch 
can be mounted on either the tractor cab or trailer. The 
user interface 18 provides the necessary signals to the 
ECU 14 to activate the output device 16. These signals 
and the activation of the output device 16 may be pro- 
vided in any conventional manner. 

[0019] The ON-OFF code is preferably a BLINK CODE utilized in a 
BLINK CODE diagnostic system, although other types of 
codes including Morse code can be utilized. The BLINK 



CODE communicates the operational status of tlie compo- 
nents of an ABS to tlie user. Conventional BLINK CODE di- 
agnostics are capable of the following modes of opera- 
tion: active-fault ABS diagnostics, fault history ABS diag- 
nostics, clear active faults, and ABS system configuration 
check. 

[0020] Jo operate the system in a preferred embodiment, the 
user requests BLINK CODE diagnostics by pumping the 
brake pedal in the tractor cab to cycle the brake light 
power ON for 1.0 second and OFF for 1.0 second for a 
predetermined number of cycles. For example, 3 cycles 
requests active-fault retrieval, 4 cycles requests fault his- 
tory retrieval, 5 cycles requests clearing active faults, and 
6 cycles requests ABS system configuration check. In re- 
sponse to the request, the ABS ECU communicates the re- 
quested diagnostics to the user by flashing the trailer ABS 
warning lamp. As required by Federal Motor Vehicle Stan- 
dard S121, the ABS warning lamp must be mounted on the 
left side of the trailer as viewed from the rear, no closer 
than 150 mm (5.9 inches), and no further than 600 mm 
(23.6 inches) from the red rear side marker lamp. Alterna- 
tively, a switch or other activation mechanism may be 
used to activate the BLINK CODE diagnostics. 



[0021] The BLINK CODE diagnostics system operates according to 
tlie following sequence. With ignition power on, the ECU 
14 continuously monitors the number of brake light 
power cycles or other BLINK CODE switch cycles, to deter- 
mine whether or not to activate a BLINK CODE diagnostics 
mode. A BLINK CODE diagnostics mode may only be acti- 
vated immediately following vehicle ignition power-up, 
when the vehicle is parked. If wheel speeds which are in- 
dicative of vehicle movement are detected during BLINK 
CODE diagnostics mode, the ECU 14 immediately exits 
BLINK CODE diagnostics and returns to normal operating 
mode. To prevent unintentional activation of BLINK CODE 
diagnostics mode, the brake light power cycle counter is 
disabled when ignition power is continuously ON for more 
than 15.0 seconds without entering BLINK CODE mode. 
The maximum constant brake light power ON duration 
before disabling the brake light power cycle counter is 5.0 
seconds. 

[0022] The user requests activation of a desired BLINK CODE di- 
agnostics mode by cycling the brake light power ON and 
OFF. In response to the request, the ECU 14 initiates the 
appropriate BLINK CODE diagnostics mode. After activa- 
tion of the requested BLINK CODE diagnostics mode, there 



is a 5.0 second delay before output of the diagnostics 
commences. Once tlie ABS warning lamp begins display- 
ing codes, the ECU 14 does not respond to any additional 
brake light power cycling, until all BLINK CODE messages 
have been displayed and the unit has returned to normal 
operating mode. 

[0023] The present invention adds to BLINK CODE diagnostics the 
capability to display or communicate odometer mileage to 
the vehicle operator. 

[0024] Fig. 2 is a flow chart depicting how the ECU 14 stores and 
displays trailer odometer information in accordance with 
the present invention. Immediately after ignition power 
on, step 20, the ECU 14 retrieves the previously stored 
cumulative mileage data from its memory in step 22. As 
the trailer moves, the ECU 14 computes the additional 
distance traveled in step 24 based on signals received 
from the wheel revolution rate sensor 12. Additional 
mileage is computed by utilizing a revolutions per minute 
signal from the wheel revolution rate sensor 12 to com- 
pute trailer velocity and derive distance traveled. 

[0025] To increase the accuracy of the mileage data, a wheel 

rolling radius and awheel-mounted tone ring tooth count 
may be pre-stored in the ECU 14 and taken into account 



when performing the mileage calculations. Any conven- 
tional mileage detection technique may be used without 
departing from the spirit and scope of the invention. Once 
the additional distance traveled exceeds a predetermined 
unit, for example one mile as indicated in step 26, the 
ECU 14 increments the cumulative odometer data by one, 
represented in step 28. The predetermined unit may be 
any value. One mile is a preferred value for this unit. 

[0026] In case of a loss of power, the ECU 14 does not store the 
accumulated additional distance traveled since the last 
update of the cumulative odometer data. For example, if 
the predetermined unit is one mile, and the vehicle has 
accumulated 18.4 miles since power-up, upon loss of 
power the stored mileage remains at the value of the last 
update, namely, 18.0 miles. The result is a one unit maxi- 
mum accuracy per power-up. Accordingly, for mileage to 
be accurately accumulated over the lifetime of the trailer, 
it is preferable that the ECU 14 be provided with a power 
back-up system to maintain constant power. 

[0027] The ECU 14 is preferably capable of storing vehicle 

mileage up to a desired value, for example, 9,999,999 
miles. When the odometer mileage counter function is full, 
it will latch and not record or calculate any additional 



mileage. A reset function, however, may be provided. 

[0028] In a preferred embodiment, the user utilizes BLINK CODE 
diagnostics discussed above to request the display of 
odometer mileage. With ignition power on, the ECU 14 
continuously monitors the number of brake light power 
ON-OFF cycles (or other activation switch cycles), to de- 
termine whether or not to activate the odometer mileage 
display mode. To activate the odometer mileage display 
mode, the user repeatedly depresses the brake pedal (or 
otherwise activates a switch), which acts as the user inter- 
face 18, to repeatedly cycle the brake light power switch 
ON and OFF a predetermined number of times. 

[0029] Each ON-OFF cycle has a pre-determined frequency. In a 
preferred embodiment, the frequency is ON for 1.0 sec- 
ond, and then OFF for 1.0 second. Following activation of 
the odometer mileage display mode, the ECU 14 initiates a 
delay which turns the output device 16, preferably the 
trailer ABS warning lamp, OFF followed by a BLINK CODE 
display of the cumulative mileage. A different lamp, how- 
ever, may be provided for the function. 

[0030] In a preferred embodiment, the cumulative mileage is be- 
ing communicated with a device that is cycled ON and 
OFF. It is preferable, therefore, to find a way to reduce the 



complexity of the signal that will be communicated to the 
user. A preferred method is to have the ECU 14 truncate 
the cumulative mileage to the nearest thousand prior to 
encoding. For example, if the electronically recorded 
mileage is 120,555 units, the ECU 14 truncates the 
mileage so that a display of only the numeral 120 will be 
required, with it being understood that the displayed re- 
sult is multiplied by one thousand. Truncation minimizes 
the number of displayed numerals to reduce the possibil- 
ity that the vehicle operator or other user will lose count 
of the mileage information. If an exact count is desired, 
however, the ECU 14 can be programmed to encode the 
entire cumulated mileage for output. Accordingly, it is de- 
sirable to store the complete cumulated mileage and only 
truncate the display if desired. 

[0031] In a preferred embodiment of the invention, BLINK CODE 
is utilized to encode the truncated cumulative mileage. 
The ten numerals (0-9) are encoded as follows: 

[0032] Numeral BLINK CODED numeral 

[0033] 0 strobe (ON-OFF-ON-OFF) 
[0034] 1 one (ON-OFF) blink 
[0035] 2 two(ON-OFF) blinks 



[0036] 3 three (ON-OFF) blinks 
[0037] 4 four (ON-OFF) blinks 
[0038] 5 five(ON-OFF) blinks 
[0039] 6 six (ON-OFF) blinks 
[0040] 7 seven (ON-OFF) blinks 
[0041] 8 eight (ON-OFF) blinks 
[0042] 9 nine(ON-OFF) blinks 

[0043] Jo display the numeral zero, the output device 16 is 

quickly strobed (ON-OFF-ON-OFF) at a pre-determined 
frequency for a pre-set duration, preferably 0.2 Hz for a 
duration of 0.4 seconds. To display the numerals one 
through nine, the duration of the ON is 0.4 seconds, and 
the duration of the OFF blink is 0.4 seconds. There is an 
OFF pause between each BLINK CODED numeral, and the 
duration of the OFF pause is preferably 1.0 second. There 
is an OFF message break between each BLINK CODED OFF 
message, and the duration of the message break is 
preferably 2.5 seconds. An ON completion pulse is gener- 
ated to indicate the end of a message. During the ON 
completion pulse, the output device 16 is turned ON for 
preferably 5.0 seconds, and then BLINK CODE mode is au- 



tomatically exited and the output device 16 is returned to 
its normal operating mode. 

[0044] All of tliese values are intended to be exemplary and 

should not be construed in a limiting sense. Any suitable 
cycle time/pulse time may be used. 

[0045] For example, if the electronically recorded mileage is 

120,555 units, the mileage is truncated to 120. The ECU 
14 will then encode these numerals and display the fol- 
lowing sequence: 

[0046] one (ON-OFF) blink - OFF pause; 

[0047] two (ON-OFF) blinks - OFF pause; 

[0048] strobe (ON-OFF-ON-OFF) - OFF pause; and 5.0 second 
ON completion pulse. 

[0049] The output device 16 may also be an antilock brake sys- 
tem (ABS) modulator valve, which will provide an audible 
indication. In such a case, the ECU 14 activates an exhaust 
valve of an air brake pressure modulator to create a quick 
audible pulse of air known as "chuffing." The audible 
pulse is made louder when the user places his foot on the 
brake pedal to increase air pressure. The durations speci- 
fied above for the BLINK CODE as it relates to the visible 
display of the odometer mileage may also be used for the 



durations of the audible air blasts from the ABS modulator 
valve corresponding to the odometer mileage. 
[0050] The invention has been described with reference to certain 
preferred embodiments thereof. It will be understood, 
however, that modification and variations are possible 
within the scope of the appended claims. For example, al- 
though a preferred embodiment of the invention utilizes 
the ABS warning lamp as the output device 16, any type of 
output device that conveys an audible or visible signal to 
the user may be employed. Further, the output device may 
be incorporated in the tractor cab or the trailer. Moreover, 
frequencies and durations may be modified from those 
specified herein without departing from the spirit or scope 
of the invention. 



